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Preface
Quantitative aspects play a central role in the description of computer systems; they
allow for a more complete characterisation of the behaviour and properties of systems
and make system analysis suitable for a more speculative use based on the consideration of
speciﬁc (e.g. statistically deﬁned) quantities. For these reasons, quantitative aspects are now
increasingly pervading Computer Science, investing areas where the qualitative viewpoint
has prevailed for a long time.
The idea of a dedicated forumof researchersworkingwith quantitative aspects in different
ﬁelds of Computer Science was ﬁrst brought into concrete existence in 2001 with the First
Workshop on Quantitative Aspects of Programming Languages (QAPL’01). The workshop
was held in Florence (Italy) on Friday 7 September 2001, as a satellite event of Principle,
Logic, and Implementation of high-level programming languages (PLI’01), and organised
by A. Di Pierro and H. Wiklicky. The idea was well received and a second edition was
organised byA. Cerone andA. Di Pierro. The SecondWorkshop on Quantitative Aspects of
ProgrammingLanguages (QAPL’04)was held inBarcelona (Spain) as a satellite event of the
European joint conferences on Theory And Practice of Software (ETAPS 2004). The QAPL
workshops are since then yearly meetings where a growing number of researchers working
on the various topics featured by the workshop present and discuss their results, while
keynote speakers are invited to present talks on the main and hottest areas of quantitative
aspects of programming languages.
This issue of Theoretical Computer Science collects six papers selected among the 14
papers presented at QAPL’04. These contributions are extended versions of the papers
presented at the workshop. The issue also includes one external contribution selected among
seven papers which were submitted on invitation after the workshop. All papers have been
peer-reviewed according to the usual TCS standards.
The seven contributions in this issue address the four main focuses of the workshop by
presenting some interesting proposals in
• the design and the semantics of real time languages and of languages which include
probability or priorities;
• the analysis and veriﬁcation of probabilistic and timed languages;
• the deﬁnition of probabilistic or general quantitative models for systems veriﬁcation;
• performance models for concurrent systems.
Karl Lermer, Colin J. Fidge and Ian J. Hayes give an important contribution for real-
time software development by developing a theory for worst-case and best-case execution
times of programs; they introduce timed commands and use weakest liberal precondition
semantics to deﬁne entry conditions and traversal conditions for statements.
Mario Bravetti, Roberto Gorrieri, Roberto Lucchi and Gianluigi Zavattaro propose two
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signiﬁcant extensions of coordination models by presenting techniques for adding quanti-
tative information in Linda-like languages in the form of priorities and probabilities, and
show how they may be used to solve problems that are not easily programmed in the basic
calculus.
The analysis of a timed extension of concurrent constraint programming (ccp) is ad-
dressed in the paper by Maria Alpuente, Maria del Mar Gallardo, Ernesto Pimentel, Alicia
Villanueva, where a technique is presented which combines abstract interpretation and
model checking. The authors obtain an important result by facing a problem (the total cor-
rectness for abstract model checking of tccp) that has not been addressed by others before.
Joe Hurd,Annabelle McIver and Carroll Morgan consider the language pGCL, an exten-
sion of Dijkstra’s guarded command language GCL with a probabilistic choice construct.
They report on the mechanization of the probabilistic guarded command language pGCL in
the HOL theorem prover and provide an automated proof tool which takes a program (with
annotations, e.g. loop invariants speciﬁed by the user) and calculates conditions to ensure
partial correctness.
The construction of suitable models incorporating probabilities or general quantities
is the theme of Michael Huth’s paper and Alberto Lluch-Lafuente and Ugo Montanari’s
paper. Michael Huth focuses on probabilistic model checking and proposes an abstraction
technique for the Probabilistic Computation Tree Logic in the general case of inﬁnite-state
labelled Markov chains.
Alberto Lluch-Lafuente and Ugo Montanari consider a more general framework for
quantitative veriﬁcation based on c-semiring; they present quantitative extensions of the two
classical temporal logics CTL and the -calculus where formulas are built by c-semiring
operators, and discuss conditions under which the standard model checking algorithms for
CTL and -calculus can be generalized for verifying quantitative properties.
Finally, the paper by Peter G. Harrison and Ting T. Lee covers the ﬁeld of performance
analysis and evaluation presenting an important compositional result based on product forms
for parallel processes speciﬁed in a Markovian process algebra.
We wish to thank all the people who contributed to bringing this special issue to com-
pletion: the authors who undertook the effort to incorporate the various comments and
improvements required by the reviewing process; the reviewers who provided valuable
help to ensure the papers’ high quality; Don Sannella for enthusiastically accepting our
proposal and helping at the various stages of the editing process.
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